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OBiECT 

(a) To establish opumutu operating 
conditions for the electrostatic sensi- 
tivity tester by deterinining statistically 
which design factors contribute roost 
significantly to its performance. 

(b) To '-nerinine whether electric 
spark sensitivity results obtained through 
use of this instrument on samples of fine 
(29 micmn) magnesium powder are repro- 
ducible. 

t 

SUMMARY 

An electrostatic sensitivity tester de- 
veloped at Picaunny Arsenal wasevalu* 
ated statistically. The factors found to 
contribute most sigaificantly to optimum 
instrument operating   mdirions were re- 
sistance, humidity, energy, and the rela- 
tionship of energy to resistance. The 
electrostatic sensitivity results obtained 
with fine magnesium powder specimens 
were found to be reproducible. It was 
concluded that further work should be 
conducted on a variety of samples to de- 
termine the cilect of various characteris- 
tics of the circuit and the maximum energy 
input which will produce no burning in a 
specified number of trials. A method for 
measuring this can be developed by 
studying the lower tails of the spark 
sensitivity curves. Deviations in the 
lever tails of the curves, which are 
unique for each material, are the best 
indicators of the materials' sensitivity 
characteristics. 

INTRODUCTfOH 

Previously constructed electrostatic sensi- 
tivity testers were found to have one major 
shortcoming. The energy delivered to 
the sample was inconsistent because of 
losses within the system, and reproduci- 
biiity of results was the.efore erratic. 
An investigation ol electrostatic sensi- 
tivity testers in use by the Bureau of 
Mines, the Na\ J Ordnance Laboratory, 
and the British armed forces was under- 
taken (Refs 1, 2, 3, and 4), and a modi- 
fied apparaius was constructed in an 
attempt co eliminate this deficiency. 

The action of the pyrotechnics elec- 
trostatic sensitivity tester developed a£ 
Picatinny (Fig 1, p 12) is estremely 
simple. A sample is placed in the sa»- 
ple holder and a movable probe having a 
sharp point is raised above it. The appa- 
ratus is then set at the desired voltage 
and R-C resistance. A chosen capaci- 
tor (charged to the desired voltage) is 
connected between th? probe and the 
sample holder base. The capacitor is 
discharged by allowing the probe to fall 
to a fiied distance above the sample. 
The operator then observes and records 
the resulting action. 

This is a classical experiment, as many 
such devices have been used in the past. 
However, despite its apparent simplicity, 
it has not, in past work, consistently pro- 
duced satisfoctory results. Because it 
has a built-in resistance, capacitance, 
and probe-down-time mechauism (Fig 2, 
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p 13), the new device offers better 
opportunity for consistent results. One 
unfortunate difficulty, however, is that 
the probe (Fig 3, p 14) tends to become 
loosened by vibration, causing «he 
operator to lose time in fesetting it. 
After preliminary tests have been con- 
ducted, improvements to eliminate this 
fault mil be made. 

Because a large volume of data has 
been collected in determining optimum 
instrument operating conditions, it was 
considered desirable to issue a report 
on this phase of the investigation. 
Electric spark sensitivity data on vari- 
ous pyrotechnic, propellent, and explo- 
sive materials will be included in sub» 
sequent reports» 

Difficulties inherent in the study of 
this instrument are: 

1, Only attribute (Go, No go) type 
data can be obtained. This type of data 
yields only a small amount of informa- 
tion per observation. 

2. The property of the materials 
to be tested is sensitivity to electric 
spark. This property requires a test of 
increased severity which is a type of 
test that yields little information per 
observation. 

5. The effects of a large number 
of variables are determined simultane- 
ously. 

4. The spark sensitivity of a large 
number of materials must be evaluated. 

The input energy and the effect of in- 
strument variables for any given material 
are of little value in the study of spark 
sensitivity of other mater*ls. 

5. Because of the nature of the 
data, non-parametric methods of analysis 
must be used. These methods are less 
efficient than parametric methods of 
analysis. 

To reduce these difficulties to a mini- 
mum and extract the maximum amount of 
information possible, statistically de- 
signed experiments called factorial ex- 
periments were used. This type of de- 
signed experiment is the most efficient 
known. It is possible in factorial experi- 
ments to study more than one variable at 
a time. In general, the efficiency of the 
experiment is increased when a greater 
number of variables are studied simulta- 
neous''; ^Kefs 5 and 8). 

EXPEKiMENTAL. DESSGN 
AND ANALYSIS 

Siace the equipment used in this ex- 
periment was new, little was known at 
the outset concerning either the magni- 
tude of the input energy required to cause 
burning or the effects of such other vari- 
ables as might be present in the system. 
Therefore, a sequential approach to the 
problem was adopted. In this manner, 
something was learned about the magni- 
tude of the input required, and it was 
possible to examine the resu'ts of small 
experiments before doing further werk. 
The results of these exploratory experi- 
ments were not included in this report 
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because thuir concribution was mainly 
to ellminatte "rough spots" in the appa- 
ratus. 

The data was analyzed by the KruskaJ' 
Wallis raaJc-suia test, sometimes called 
the H-Test. In determiniag the signifi- 
cance o( the main effects, this test was 
used in the usual way (Ref 5), ro de- 
termine differences among meaas. In de- 
termining the significance of the first- 
order interactions, the appropriate main 
effects were subtracted from each total 
interaction effect. 

In these exploratory studies, fine 
(29 micron average particle size) magne- 
sium powder* was used, since it was a 
convenient hvnogeneous matetial. 

Exp9Hm«ftf 1 (Eaetfjr Chan«««) 

To obtain a first estimate of the input 
energy required, test s of increased se- 
verity were conducted using the run-down 
method (Refs 6 and 7). In these tests, 
all variables were held constant at con- 
venient levels, except energy (in joules), 
which was varied by varying the capaci- 
tance. When the results were plotted on 
prob    'lity paper (Figs 4 through 9, 
pp 15 through 20), they yielded essenti- 
ally straight lines, which indicated that 
the data could be considered, for all 
practical purposes, to be normally distrib- 
uted.   This was an important finding 
since it simplified interpretation of the 
results. The average values from these 
graphs (the 50% points in terms of 

Simple 142, b«r«l No. 50, Golwyno« Ch«»»- 
c«l Oampmy 

energy) were helpful in ei 

input energy level used as a standard 
in subsequent experlascat«, 

Exprndmrnt 2 (Cap Lanffh, Kawidf»^ 
Vnjfajj», and KasUtsAc«) 

The results of Experiment 1 were as 
follows: 

1. The effects of sample siw were 
insignificant. 

2. Only inconclusive data was ob- 
tained on the effects of gap length and 
humidity. 

3. The data obtained indicated 
that more should be known about the ef- 
fects of voltage and resistance. 

On the basis of the above finding«. 
Experiment 2 was designed as a 4-factor 
complete factorial experiment to detei- 
mine the effects of humidky, gap length, 
voltage, and resistance. The energy 
level was adjusted to 0.100 joule, to 
provide a usable distribution of successes 
and lailures. The experiment was repeated 
5 tames (Tables I, 2, and 3, pp   7,8, 
and  9). 

Expmfim,«* 3 (Enargy, Capwelfsnea. 
end Volta««) 

It was clear from the ^-factor experi- 
ment that the greatest number of ignitions 
were bei«g obtained by elimiaating the 
resistance (which is connected in series 
between the capacitor and the probe), fe 

appeared desirable to determine the 
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effect of voltage at dilferenr energy 
lewis. For this purpose, a 3-factor 
facforial experiment was öesi|ned 
(Tables 4 and 5, pp 10 and U ) inmlv'mg 
3 levels of voltage, 6 levels of energy, 
and 2 levels of resistance. Resistance 
was included to confirm the conclusions 
reached in the 4-factor experiment re- 
garding the effect of resist ance. 

RESULTS 

Experiment No. 1 

The test s of increased severity showed 
averages (50% ignitions) and standard 
deviations (slopes), in joules, as follows: 

Av«rsge S»d Da» 

Figure 5 0.100 0.075 

Figure 7 0.134 0.055 

Figure 9 0.144 0.064 

ExparSmvnt Ho. 2 

The results of the 4-factorial statisti- 
cal analysis detailed in Tables 1, 2, and 
3, pp 7, 8, and 9, were: 

Main Effect««1 Effect 

Voltage (V) Not Significant 

Resistance (R)     Significant 

Gap Length (G)     Not Significant 

Humidity (H) Significantb 

"Taken from the Analyti« of Variance in 
Table 3 (p 9) 

b Significam at the 93% confidence level 

^•«-•«^•ne* Effect 

V xG .01 Signhicam 

R xG Hot Si^iiificat 

V *H Nor Sigsifkaaf 

R xH Not Significaat 

GxH Not Sigoificans 

V xR Significantc 

c 
Very iü&hly «igaificftnt, beyotJ -b« 

99.9% lerel 

■ 

Expefinicnt No. 3 

Figure 10 (p21) represents percentage 
of hits (burnings) versus volts versus 
joules and Figure 11 (p22) shows per- 
centage of hits versus joules for 3000, 
4000, and 5000 volts. The curve in Fig- 
ure 12 (p 23) is a composite of the 3 
curves in Figure 11. Tables 4 and 5 
show that, while resistance (R) and 
energy (E) are both very highly signifi- 
cant, voltage (V) is not significant. Fig- 
ure 1.2 shows the average to be 0.062 
joule and the standard deviation to be 
0.019 joule over the three voltage levels 
used. 

DISCUSSION OF RESULTS 

Elimination of the danger of accidental 
electrostatic initiation is a major reason 
for measuring the electric spark sensi- 
tivity of pyrotechnics, explosives, pro- 
pel laitts, and other materials. For this 
purpose, instrument operating condition si 
that will produce the maximum burning 

■ ;; -     • -.;; 
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rate at all energy levels can be con- 
sidered optimuffl. 

From Tables 1 and 4 (pp 7 and 10), 
it is cle^if that removing all resistance 
from the sysfem produces a significantly 
greater burning rate at all energy levels. 
Zero resistance can therefore be con- 
sidered the optimum resistance condi- 
tion for magnesium powder. 

The data in Tables 4 and 5 and Fig- 
ure 11 ( pp 10 and 11 and 22) shows 
that, for zero resistance, the effect of 
changing the voltage from 3000 to 
5000 volts is not significant. The ef- 
fective sample size for evaluating the 
effect of voltage is 30 trials at each 
voltage level. Hence, the conclusion 
that the effect of voltage at zero resist- 
ance 'is insignificant at all energy levels 
is based on a sample size sufficient to 
give very good precision. 

The data (Tables 4 and 5 anJ Fig- 
ure 12 (pp 10 and 11 and 23) also makes 
evident a correlation between increasing 
percentages of burnings and increasing 
energy (joules). 

Information on gap length and humid- 
ity is given in Table 1 (p 7 ). This 
t;*ble shows that, over the 5 resistance 
levels, the effect of changing the gap 
length from 0.01 to 0.02 inch is nil and 
the effect of changing the humidity from 
30% to 80% is significant. The results 
shown in this table are considered to be 
reliable because they meet the effective 
sample size requirement for gap length 
and humidity, which is 250 trials at 
each level. 

5 

Additional work should be done to 
define rbe electric spark sensitivity of 
pyrotechnics, explosives, propeilaws, 
and other manerials In terms of the 
charactcfistics of the electric circuit 
used and the maximum energy inp« 
which produces no burning in a speci- 
fied number of trials. Once this defini- 
tion has been developed through experi- 
ence with representative materials, a 
method for measuring this property can 
be developed. This can be done by 
studying the lower tail of each sensi- 
tivity curve shown as a broken line in 
Figure 12. Since errors in this portion 
of the curve are rather large, it is danger- 
ous to extrapolate from present data. In 
addition, significant deviations from 
normality can be expected. These devia- 
tions cannot be predicted by any known 
means. However, past experience with 
the impact sensitivity of explosives has 
shown that these deviations in the lower 
tail of the sensitivity curve are unique 
for each material and are the best indi- 
cators of sensitivity characteristics. 

Work should also be carried out to 
determine optimum instrument conditions 
for pyrotechnics, explosives, propellants, 
and other materials. It may be possible 
to classify most materials into a few 
general types for this purpose, so that 
only a few instrument settings will be 
required. If this is not possible, then a 
rapid method should be developed for 
determining optimum conditions for new 
materials. 

CONCLUSIONS 

1. The maximum burning rate of magne- 
sium powder cannot be obtained over the 

■ ■ 
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fAflge of energy levels surveyed il re- 

siataace is idded in sedes btiween 

ehe capacitor and the probe. Varying 

ehe vokafe between 3000 and 5000 voks 

has no effect on the numher of ignitions 

of magnesium powder at any energy 

level when the resistance level is held 

constant. 

2. Ignition is dependent on the energy 

released by the elect« static sensitivity 

apparatus. For magnesium powder, the 
percentage of burnings increases with 

increasing energy (joules). 

3. There is highly significant inter- 

action between resistance and voltage, 

that is, the effect of voltage is depend- 

ent upon the level of resistance em- 

ployed. Thus, any statement concern- 

ing the effect of voltage on burnings 

must specify the level of resistance. 

4. The electrostatic sensitivity re- 

sults obtained for 29-micron-average- 

particle-size magnesium powder are 

reproducible. 

5. Addition..! work will be needed to 

evaluate the effect of gap  ength and 

humidity at zero resistance and to de- 

termine the electric spark sensitivity of 

a wide range oi pyrotechnics, explosives, 

and propellants. 
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Ccftaeitone« and V»ltm§m* 

E, 

R«fi»tone», ohm« 

0 
90,000 
170,000 
200,000 
350,000 

Gap L«ngtK, inch«! 

•I Todi« t 

TrMt 

100 
100 

10O 
100 
100 
100 
100 

KJfg 

63 
69 
69 

64 

MUi«« 

29 
37 
31 
31 

1 
40 

•021 
.010 

250 
250 m 

Hwmidity, % 

25 to 40 
75 to 95 

250 
250 

E. 

162 
185 

e. E. e. e, 
'Capacitance, mid 

Voltage 
.0222 
5CS0 

• 0163 
3500 

«0125 
4000 

■0099 
4500 

*       .oom 
5000 

Energy wat in all cases .100 joule. 

8 

75 
78 
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MAIN fFFICTS 

TABLE 3 

H&^fmmmrttie AndytJ« •! Vertwc» »I lahl» \ Oslo 

I 
Gmmmmm H.»«!«« o«gf««i of Fr#»dem Crittc«( C*i(-S^u«f» 

Voltage (V) 3.3 
Resistance (R) 11.7 b 

Gap Length (G) 0.0 k 

4.8b Humidity (H) 

4 
4 
1 
1 

9.49 
9.49 
3.84 
3.84 

INTERACTIONS 

V xG 
R xG 
V xH 
R xH 
GxH 
V xR 

2.3 9 
12.5 9 
0.0 9 

14.5 9 
2.0c 3 

85.9 24 

16.92 
16.92 
16.92 
16.92 
7,81 

36.42 

H 12 I       (R,)* 

N(N + 1)    1 
- 3 (N t 1).   This N-test is die Kruakal-Wallit riuk-sum aon-parameiaic 

test for the difference among meant of counted data where  H has a Chi-square distribution and 
N • Total number of determinations in all groups (X n,   •  N) 

It ■ Nwmber of gwups 

n. ■ Number of determinations in an individual group 

R  m Sum of the ranks in m individual group. 

Significant at the 98% level 

Very highly significant 

1 
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Fig 2      Pyrotechaic Elect-ost»tic Seasitiirity fWWH 
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Fig 3      Sparking h'tchmiam. Probe, and HijiilWglM 
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